A strictly aerobic, Gram-staining-negative, non-motile and rod-shaped bacterial strain, DR-9 T , was isolated from rhizosphere soil of the medicinal herb Angelica sinensis. Strain DR-9 T grew at 20-40 6C, at pH 4.0-9.0 and in the presence of 0-1 % (w/v) NaCl. The major fatty acids were iso-C 15 : 0 and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c and/or iso-C 15 : 0 2-OH), MK-7 was the major isoprenoid quinone, and phosphatidylethanolamine and an unidentified aminophospholipid were the major polar lipids. A phylogenetic tree based on 16S rRNA gene sequences showed that strain DR-9 T formed a lineage within the genus Mucilaginibacter and was closely related to Mucilaginibacter polysacchareus DRP28 T (96.1 % sequence similarity), Mucilaginibacter myungsuensis HMD1056 T (95.9 % sequence similarity), Mucilaginibacter ximonensis XM-003 T (95.8 %) and Mucilaginibacter boryungensis BDR-9 T (95.1 %). The status of strain DR-9 T as a representative of a separate species was confirmed by DNA hybridization, with 38.6, 36.3 and 29.9 % DNA-DNA relatedness with M. polysacchareus DRP28 T , M. ximonensis XM-003 T and M. boryungensis BDR-9 T , respectively. The genomic DNA G+C content of strain
The genus Mucilaginibacter, a member of the family Sphingobacteriaceae (Steyn et al., 1998) , phylum Bacteroidetes, was described by Pankratov et al. (2007) . The description of the genus was subsequently emended by Urai et al. (2008) and Baik et al. (2010) . Members of the genus Mucilaginibacter are Gram-staining-negative, strictly aerobic or facultatively anaerobic, non-motile rods that produce large amounts of exopolysaccharides (EPS); Mucilaginibacter paludis is the type species.
The genus Mucilaginibacter comprises 19 species with validly published names at the time of writing (Pankratov et al., 2007; Urai et al., 2008; An et al., 2009; Luo et al., 2009; Jeon et al., 2009; Baik et al., 2010; Madhaiyan et al., polysacchareus (Han et al., 2012) and Mucilaginibacter angelicae . A novel bacterial strain, designated DR-9 T , also isolated from the rhizosphere of A. sinensis, was shown to belong to the genus Mucilaginibacter according to 16S rRNA gene sequence analysis, In this study, its detailed taxonomic position was investigated using polyphasic analyses.
The rhizosphere soil of A. sinensis was washed aseptically by sonic oscillator (VCX750; Vivra Cell) for 40 s at 30 W in 90 ml sterilized water. A 0.1 ml aliquot of the suspension was spread on Potato Dextrose agar (PDA; Difco). The pale yellow mucous colony of strain DR-9 T that grew after 3 days at 25 u C was subcultivated on R2A agar (Difco) at 25 u C and suspended in water containing 20 % (w/v) glycerol for storage at 286 u C.
The 16S rRNA gene of strain DR-9 T was amplified by PCR with the universal primers 27F and 1492R (Weisburg et al., 1991) . After purification of the PCR product, the sequencing reaction of the 16S rRNA gene was performed at SolGent, Daejeon, Korea, using an ABI prism Bigdye terminator cycle sequencing ready reaction kit v.3.1 and an ABI 3730XL capillary DNA Sequencer (Applied Biosystems). The sequence of strain DR-9 T was compared with available 16S rRNA gene sequences from the EzTaxon server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012b) and the GenBank database using the BLAST programme (http://www.ncbi.nlm.nih.gov/blast/). The 16S rRNA gene sequence of strain DR-9 T was aligned with those of representative members of selected taxa belonging to the genus Mucilaginibacter using the CLUSTAL X software (Thompson et al., 1997) and this alignment was edited manually. Phylogenetic trees were generated by the neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1981) algorithms using the PHYLIP programme package (Felsenstein, 2005) . Bootstrap analysis was performed to evaluate the stability of phylogenetic trees using a consensus tree from the neighbour-joining, maximumparsimony and maximum-likelihood methods, based on 1000 resamplings.
The nearly complete 16S rRNA gene sequence (1,447 bp) of strain DR-9 T was determined. Strain DR-9 T shared highest sequence similarity with M. polysacchareus DRP28 T , Mucilaginibacter myungsuensis HMD1056 T , Mucilaginibacter boryungensis BDR-9 T and Mucilaginibacter ximonensis XM-003 T (96.1, 95.9, 95.8 and 95.1 %, respectively) . Sequence similarity between strain DR-9 T and the species of the genus Mucilaginibacter was ,95.1 %. The neighbour-joining tree showed that strain DR-9 T formed a monophyletic clade with members of the genus Mucilaginibacter with 100 % bootstrap support (Fig. 1) . The topology of the maximum-parsimony and maximumlikelihood trees was essentially the same (data not shown). Strain DR-9 T shared the same branch as M. boryungensis BDR-9 T , M. ximonensis XM-003 T and M. myungsuensis HMD1056 T . Hence, M. polysacchareus DRP28 T , M.
ximonensis XM-003 T and M. myungsuensis HMD1056 T were obtained from culture collections and used as reference strains.
Cell morphology and motility of strain DR-9 T were observed by phase-contrast microscopy (Eclipse 80i; Nikon) from cells cultured for 3 days at 25 u C on R2A agar. Gram staining was performed using the Hucker staining method (Murray et al., 1994) . Colony morphology was observed after growth on R2A agar for 3 days at 25 u C.
The pH range for growth was determined in R2A broth adjusted to pH 1.0-12.0 (in increments of 1 pH unit) by using HCl and NaOH. The pH was verified after autoclaving. Growth temperature (4, 10, 15, 20, 25, 30, 37, 40 and 45 u C) and NaCl tolerance [0, 1, 2, 3, 5 and 10 % (w/v)] were also tested on R2A agar. Growth under anaerobic conditions was determined after incubation in a Forma anaerobic chamber for 14 days at 25 uC on R2A agar. Catalase and oxidase activities were assessed using 3 % (v/v) hydrogen peroxide and Kovacs' reagent (Kovacs, 1956) , respectively. The presence of flexirubin-type pigments was investigated as described by Reichenbach (1992) and Bernardet et al. (2002) .
Nitrate reduction and hydrolysis of urea were investigated as described by Lányí (1987) . H 2 S production was tested as described by Bruns et al. (2001) .
Hydrolysis of casein (1 % skimmed milk, w/v; Difco), CM-cellulose (1.0 %, w/v; Sigma), colloidal chitin (1.0 %, w/v; Sigma) and starch (1.0 % soluble starch, w/v; Junsei) were tested using R2A agar as the basal medium (Smibert & Krieg, 1994) . Growth was tested on MacConkey agar (Difco) and DNase test agar (Difco) was used to assess production of DNase. For pectin hydrolysis, strains were cultured on R2A agar containing 0.3 % (w/v) citric pectin (Junsei), after which the plate was stained with a solution of 1 % n-hexadecyltrimethyl ammonium bromide. Other physiological, enzymic and biochemical tests were performed using API 20NE, API ZYM and API 50CH kits (bioMérieux) following the manufacturer's instructions.
Differentiating characteristics of strain DR-9 T from closely related type strains of the genus Mucilaginibacter are shown in Table 1 . Other physiological and biochemical properties are listed in the species description.
Isoprenoid quinones of strain DR-9 T were extracted with chloroform : methanol (2 : 1, v/v) and purified by TLC on Merck silica gel 60F254 plates (20620 cm, 0.5 cm thick) using a mixture of petroleum benzene and diethyl ether (85 : 15, v/v) as the solvent. A spot of quinone was scraped off and analysed by HPLC (SCL-10Avp; Shimazu) according to the method of Collins & Jones (1981) . The mobile phase was methanol : 2-propanol (2 : 1, v/v) and the flow rate was 1.0 ml min 21 . The only quinone of strain DR-9 T was menaquinone-7 (MK-7); MK-7 is the only or major quinone in members of the genus Mucilaginibacter For cellular fatty acid analysis, strain DR-9 T and the three reference strains were grown on 0.16TSA (Difco) at 25 u C and cells at late-exponential phase were used in this study. The fatty acid methyl esters were extracted and prepared by using the standard protocol of the Microbial Identification System (Sasser, 1990) , separated by gas chromatography (HP6890N GC; Agilent) and identified with the Microbial Identification Sherlock software package (database TSBA 40, 107 version 4.0; MIDI). The major cellular fatty acids of strain DR-9 T were iso-C 15 : 0 (32.6 %) and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c and/or iso-C 15 : 0 2-OH; 35.0 %) ( Table 2) . A significant amount of iso-C 17 : 0 3-OH was also present. This is in agreement with the fatty acid profiles of species of the genus Mucilaginibacter (Pankratov et al., 2007; Baik et al., 2010) except that anteiso-C 15 : 0 was not found in this study. This may result from different growth conditions and procedures being used. The fatty acid profiles of the three reference strains were similar to that of strain DR-9 T though the respective proportions of some components differed significantly ( Table 2) .
The polar lipids of strain DR-9 T , M. polysacchareus DRP28 T and M. myungsuensis HMD1056 T were analysed according to the method of Minnikin et al. (1984) . The polar lipids were phosphatidylethanolamine, unidentified aminophospholipids, unidentified phospholipids, unidentified lipids and unidentified aminolipids. Phosphatidylethanolamine and unidentified aminophospholipids were the major polar lipids (Fig. 2) . The polar lipid profile of strain DR-9 T was similar to that of the two reference strains.
The sphingolipids of strain DR-9 T and the three reference strains were analysed by the method of Hirai et al. (1995) . Sphingobacterium multivorum KCTC 22892 T and Escherichia coli KACC 10115 were used as references. For detection of alkaline-stable sphingolipids, the total lipids were extracted and one portion of the crude lipids was treated with 1 M KCl and methanol (2 : 1, v/v) for 2 h at 37 u C. The reaction was stopped by neutralization with 1 M HCL. Alkaline-stable lipids were dried, redissolved in chloroform : methanol (2 : 1, v/v) and separated by TLC with a solvent system composed of chloroform, methanol and water (70 : 30 : 5, v/v). Fig. S1 (available in IJSEM Online) shows the sphingolipid profiles of the six strains. Sphingoglycolipid spots appear on the plate.
Chromosomal DNA was extracted and purified by phenol/ chloroform extraction using the method of Saito & Miura (1963) . The DNA G+C content of strain DR-9 T was 49.8 mol% as determined by HPLC according to the protocol of Mesbah et al., (1989) . This value is the higher than those reported for M. polysacchareus DRP28 T , M. myungsuensis HMD1056 T and M. ximonensis XM-003 T (Table 1) .
DNA-DNA hybridization experiments were performed using a modification of the method of Ezaki et al. (1989) . 
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Mucilaginibacter herbaticus DR-9 T (JN695632) Fig. 1 . Neighbour-joining phylogenetic tree based on nearly complete 16S rRNA gene sequences showing relationships between strain DR-9 T , members of the genus Mucilaginibacter and representatives of some other members of the family Sphingobacteriaceae. The sequences of Pedobacter composti TR6-06 T (AB267720) and Pedobacter oryzae N7 T (EU109726) were used as outgroups. Percentages at nodes are levels of bootstrap support (¢60 %) based on neighbourjoining analyses of 1000 resampled datasets. Bar, 0.01 nt substitutions per position. (2011), Kang et al. (2011) , Kim et al. (2012a) and Han et al. (2012) . All strains are Gram-staining-negative, non-spore-forming, non-motile rods. All strains are positive for starch hydrolysis and acid production from L-arabinose, L-xylose, D-adonitol, methyl b-D-xylopyranoside, L-sorbitol, dulcitol, inositol, D-mannitol, D-sorbitol, inulin, glycogen, xylitol, D-tagatose, D-fucose, D-arabitol, L-arabitol, gluconate and 2-ketogluconate and for catalase and oxidase activities. All strains are negative for hydrolysis of CM-cellulose, chitin and pectin; indole and H 2 S production; acid production from D-fructose, aesculin and cellobiose; and assimilation of arabinose, caprate, adipate, malate, citrate and 5-ketogluconate. All strains gave positive results with API ZYM strips for acid phosphatase, alkaline phosphatase, leucine arylamidase, valine arylamidase, cystine arylamidase, a-galactosidase, a-glucosidase, N-acetyl-b-glucosaminidase and a-fucosidase and negative results for a-chymotrypsin and b-glucuronidase.
Characteristic 1 2 3 4
Ranges for growth (optimum) pH 4.0-9.0 (7.0) 4.0-11.0 (7.0) 5.0-9.0 (7.0) 5.0-8.0 Temperature ( u C) 20-40 (25) activities are absent. The major fatty acids are iso-C 15 : 0 and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c and/or iso-C 15 : 0 2-OH). The major polar lipids are phosphatidylethanolamine and an unidentified aminophospholipid. Sphingoglycolipids are detected. The only respiratory quinone detected is menaquinone 7 (MK-7).
The type strain is DR-9 T (5KACC 16469 T 5NBRC 108839 T ), isolated from rhizosphere soil of Angelica sinensis in the Republic of Korea. The DNA G+C content of the type strain is 49.8 mol%. 
